Introduction {#section5-2050312120936918}
============

Laparoscopic distal gastrectomy (LDG) for early gastric cancer is widely performed, and several studies have demonstrated its safety and feasibility for early gastric cancer.^[@bibr1-2050312120936918][@bibr2-2050312120936918]--[@bibr3-2050312120936918]^ However, LDG for advanced gastric cancer or laparoscopic total gastrectomy (LTG) is not widespread. One reason for this is that dissection of the lymph nodes (LNs) along the proximal splenic artery (No. 11p LNs) is required in LDG with D2 LN dissection and LTG with more than D1 + LN dissection.^[@bibr4-2050312120936918]^ Inaki et al.^[@bibr5-2050312120936918]^ reported that the rate of pancreatic fistula for LDG with D2 LN dissection was 3.5%, which is higher than that for D1 + LN dissection. There is a concern that No. 11p LN is located deeply behind the splenic artery at the suprapancreas and that morbidity might increase with dissection. Although the dorsal margin of No. 11p LN is not clearly defined, most surgeons recognize the splenic vein or pancreas behind the splenic artery as a dorsal landmark of No. 11p LN.^[@bibr6-2050312120936918],[@bibr7-2050312120936918]^ However, although No. 11p LN dissection had sufficient depth, sometimes surgeons encounter cases in which dorsal anatomical structures cannot be detected. Furthermore, it was difficult to identify the organ positional relationship during laparoscopic surgery and it was necessary to simulate the actual laparoscopic view before operation. However, it was difficult to predict the dorsal landmark of No. 11p LN using conventional enhanced computed tomography (CT). This is because conventional two-dimensional (2D)-CT images cannot be rotated and we could not simulate the organ positional relationship in the actual view, including that of the dorsal landmark of No. 11p LN dissection using 2D-CT.^[@bibr8-2050312120936918],[@bibr9-2050312120936918]^

Recently, three-dimensional (3D)-CT has been used for preoperative simulation in numerous surgeries. Several studies on gastric surgery have demonstrated the usefulness of prediction for splenic hilum or perigastric vessels.^[@bibr8-2050312120936918][@bibr9-2050312120936918]--[@bibr10-2050312120936918]^ However, there is no study on the prediction of anatomical landmarks during LN dissection in gastric surgery using preoperative 3D-CT. Moreover, it is still unclear whether 3D-CT improves surgical outcomes in laparoscopic gastrectomy with No. 11p LN dissection. Thus, this study aimed to clarify the accuracy and efficacy of preoperative 3D-CT simulation for the dorsal landmark of No. 11p LN.

Materials and methods {#section6-2050312120936918}
=====================

All procedures performed in studies involving human participants were in accordance with the ethical standards of the Institutional Review Board of Kobe University Hospital \[170119\] and the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. All patients provided written informed consent regarding the use of their data. Preoperative 3D-CT simulation was performed in all patients with advanced gastric cancer who were recommended to undergo LDG with D2 dissection or LTG with D1+ or D2 dissection, which required No. 11p LN dissection from October 2016. We have not performed preoperative 3D-CT simulation before October 2016. Initially, to determine the accuracy of preoperative 3D-CT, we retrospectively collected data on 3D-CT and video recordings of 24 patients who underwent LDG for advanced gastric cancer or LTG with No. 11p LN dissection with preoperative simulation using 3D-CT at Kobe University Hospital from October 2016 to May 2018. Patients who converted to laparotomy during the surgery or those who could not undergo enhanced CT because of chronic renal failure were excluded. Then, to investigate the efficacy of 3D-CT, we compared the clinical and pathological features and surgical outcomes of nine patients who underwent 3D-CT simulation (3D-CT group) and 23 patients who did not undergo 3D-CT simulation (non-3D-CT group) from August 2014 to September 2016. To exclude the learning curve effect, all procedures in these 32 patients were performed by one surgeon (S.K.) certified by the Endoscopic Surgical Skill Qualification System in Japan.

Preoperative CT scanning was performed using a dual-energy CT scanner (2 × 192 slices, SOMATOM Force, Siemens Healthcare, Erlangen, Germany). The 3D images of arteries, veins, and pancreas were created using Ziostation version 2 (Ziosoft, Tokyo, Japan).

Two surgeons (T.I. and S.K.) determined the preoperative 3D-CT and intraoperative findings from the same images and video recordings. A preoperative 3D-CT image was examined by the caudal view rotated 90° from the front view of 3D-CT, which was the same as the actual intraoperative view during dissection of No. 11p LN during laparoscopic gastrectomy ([Figure 1](#fig1-2050312120936918){ref-type="fig"}). We defined the scene of No. 11p LN dissection among the scene between the cutting of the left gastric artery to dissection at the middle of the splenic artery and measured the time of the scene as the No. 11p LN dissection time. In the dissection of No. 11p + 11d LNs, we measured half of the dissection time from the cutting of the left gastric artery to dissection at the end of the splenic artery. In the case of LTG with D2 dissection, the No. 11p LN part was defined as the scene until the middle of the splenic artery in the same method. In this study, we divided the 3D-CT and operative findings of the dorsal landmark of No. 11p LN into four types: (1) splenic vein (SV) type, (2) splenic vein and pancreas (SV + P) type, (3) pancreas (P) type, and (4) unclear type. We defined the dorsal landmark of No. 11p LN as an anatomical structure well exposed behind the splenic artery on the video recording.

![We considered the round area (〇) as the dorsal landmark of No. 11p LN with a caudal view rotated 90° from the front view of 3D-CT.](10.1177_2050312120936918-fig1){#fig1-2050312120936918}

In gastric cancer staging, we used the International Union Against Cancer TNM staging system^[@bibr11-2050312120936918]^ and defined the LN stations based on the Japanese Gastric Cancer Association definitions.^[@bibr12-2050312120936918]^ We determined postoperative morbidity using the Clavien--Dindo classification.^[@bibr13-2050312120936918]^

Statistical analysis {#section7-2050312120936918}
--------------------

Statistical analysis was performed using JMP version 11.2.0 software (SAS Institute, Inc., Cary, NC, USA). Continuous variables are presented as medians (range). Statistical tests were performed using Fisher's exact test and Mann--Whitney *U* test. A *P* value of \<0.05 was considered statistically significant.

Results {#section8-2050312120936918}
=======

Dorsal landmarks in 3D-CT and operative videos {#section9-2050312120936918}
----------------------------------------------

The findings of the 3D-CT and the concordance rate between 3D-CT and operative videos are shown in [Table 1](#table1-2050312120936918){ref-type="table"}. Preoperative 3D-CT findings revealed SV type in 12 patients (50%), SV + P type in 7 patients (29%), P type in 1 patient (4%), and unclear type in 4 patients (17%). The concordance rate between preoperative 3D-CT and operative videos was 100% in the SV type (12/12), 57% in the SV + P type (4/7), 0% in the P type (0/1), and 75% in the unclear type (3/4) ([Table 1](#table1-2050312120936918){ref-type="table"} and [Figure 2(a)--(c)](#fig2-2050312120936918){ref-type="fig"}). Generally, the concordance rate between 3D-CT and operative videos was 79% (19/24). In this study, crossed cases were found in five patients, of whom three patients were diagnosed with SV + P type, one with P type, and one with unclear type by preoperative 3D-CT simulation ([Supplemental Table 1](https://journals.sagepub.com/doi/suppl/10.1177/2050312120936918)). The four patients in whom we could not predict the dorsal landmark by preoperative 3D-CT included three patients with unclear type and one patient with SV type in the operative videos.

###### 

Dorsal landmark of No. 11p LNs in preoperative 3D-CT and operative videos.

![](10.1177_2050312120936918-table1)

  Dorsal landmark of No. 11p LN   Findings in 3D-CT (*n* = 24)   Findings in operative videos   Concordance rate between 3D-CT and operative videos
  ------------------------------- ------------------------------ ------------------------------ -----------------------------------------------------
  SV                              12 (50%)                       12                             100%
  SV + P                          7 (29%)                        4                              57%
  P                               1 (4%)                         0                              0%
  Unclear                         4 (17%)                        3                              75%
  Total                                                                                         79%

LNs: lymph nodes; 3D-CT: three-dimensional computed tomography; SV: splenic vein; SV + P: splenic vein and pancreas; P: pancreas.

![Three cases matched the dorsal landmark findings between the 3D-CT and operative video: (a) SV type, (b) SV + P type, and (c) unclear dorsal landmark type.\
3D-CT: three-dimensional computed tomography; LGA: left gastric artery; SV: splenic vein; SA: splenic artery; P: pancreas.](10.1177_2050312120936918-fig2){#fig2-2050312120936918}

Patient characteristics and surgical outcomes of the 3D-CT and non-3D-CT groups {#section10-2050312120936918}
-------------------------------------------------------------------------------

There were no differences in clinicopathological characteristics between the 3D-CT and non-3D-CT groups in this study ([Table 2](#table2-2050312120936918){ref-type="table"}).

###### 

Patient characteristics of the 3D-CT and non-3D-CT groups.

![](10.1177_2050312120936918-table2)

                                  3D-CT group         Non-3D-CT group     *P* value
  ------------------------------- ------------------- ------------------- -----------
  Age (years)                                                             
   Median (range)                 78 (63--88)         69 (36--88)         0.172
  Sex                                                                     
   Male:female                    8/1                 17/6                0.640
  Body mass index (kg/m^2^)                                               
   Median (range)                 22.2 (16.8--25.3)   22.3 (17.0--30.3)   0.557
  pStage                                                                  
   Stages I/II, III, IV           4/5                 14/9                0.453
  Operative method                                                        
   LDG/LTG                        5/4                 8/15                0.426
  Dorsal landmark of No. 11p LN                                           
   SV/ SV + P/P/unclear           5/1/0/3                                 --

3D-CT: three-dimensional computed tomography; LDG: laparoscopic distal gastrectomy; LTG: laparoscopic total gastrectomy; LN: lymph node; SV: splenic vein; SV + P: splenic vein and pancreas; P: pancreas.

[Table 3](#table3-2050312120936918){ref-type="table"} shows the surgical outcomes of the 3D-CT and non-3D-CT groups. The time for dissection of No. 11p LN in the 3D-CT group was significantly shorter than that in the non-3D-CT group (7.7 (3.0--16.2) versus 15.8 (3.9--47.3) min, *P* = 0.044). There was no significant difference in the number of retrieved No. 11p LNs (2 (1--5) versus 1 (0--7), *P* = 0.124) or total blood loss (0 (0--390) versus 10 (0--200) mL, *P* = 0.686) between the 3D-CT and non-3D-CT groups. In the postoperative course, one patient had pneumonia and another patient had cholecystitis in the 3D-CT group, and one patient had atrial fibrillation in the non-3D-CT group. There was no pancreatic fistula or vessel injury in either group.

###### 

Surgical outcomes in the 3D-CT and non-3D-CT groups.

![](10.1177_2050312120936918-table3)

                                                                     3D-CT group       Non-3D-CT group    *P* value
  ------------------------------------------------------------------ ----------------- ------------------ -----------
  Total operative time                                                                                    
   Median (range), min                                               276 (212--549)    275 (214--512)     0.629
  Total retrieved lymph nodes                                                                             
   Median (range)                                                    35 (24--54)       42 (24--57)        0.257
  Total metastatic lymph nodes                                                                            
   Median (range)                                                    3 (0--9)          0 (0--21)          0.268
  Time of No. 11p lymph node dissection                                                                   
   Median (range), min                                               7.7 (3.0--16.2)   15.8 (3.9--47.3)   0.044
  Blood loss                                                                                              
   Median (range), mL                                                0 (0--390)        10 (0--200)        0.686
  Retrieved lymph nodes of No. 11p                                                                        
   Median (range)                                                    2 (1--5)          1 (0--7)           0.124
  Metastatic lymph nodes of No. 11p                                                                       
   Median (range)                                                    0 (0--3)          0 (0--2)           0.135
  Morbidity^[a](#table-fn4-2050312120936918){ref-type="table-fn"}^                                        
   Pancreatic fistula                                                0                 0                  --
   Vessel injury                                                     0                 0                  --
   Others                                                            2                 1                  0.183

3D-CT: three-dimensional computed tomography.

Grade II or higher on the Clavien--Dindo classification.

Discussion {#section11-2050312120936918}
==========

Using 3D-CT, we could easily predict the dorsal landmark of No. 11p LN. In this study, we used the Ziostation, which is a software that can create 3D-CT images in a short time and at a low cost. We can rotate the created image and diagnose the dorsal landmark in the caudal view, similar to that in the actual view during No. 11p LN dissection in laparoscopic surgery. As a result, we could predict the dorsal landmark of No. 11p LN easier with 3D-CT than with other methods. Moreover, the concordance rate between preoperative 3D-CT and operative videos was extremely high (79%). Thus, we consider 3D-CT to be a simple method with high accuracy for prediction of the dorsal landmark of LN.

This study revealed that the landmark of No. 11p LN dissection was not only the SV or pancreas but also unclear. We could not detect the dorsal landmark of No. 11p LN using preoperative 3D-CT in four patients (17%, 4/24). In the 3D-CT group, the dissection time of the unclear type was longer than that of other types in this study, although the difference was not significant (10.9 (6.5--15.0) versus 7.7 (3.0--16.9) min, *P* = 0.55; data not shown). It is well known that the anatomical variation is related to the difficulty in LN dissection in laparoscopic gastrectomy. Zhu et al.^[@bibr14-2050312120936918]^ reported that the rate of concealed type of splenic artery, where the lowest point of the splenic artery exists at the inferior margin of the pancreas, is 14.2% and that this type has a tendency to longer total operative times and higher morbidity rates. Goto et al.^[@bibr15-2050312120936918]^ also reported that the depth from the skin to the celiac artery was related to suprapancreatic dissection time. We considered that the dorsal landmark type might be related to the difficulty in No. 11p LN dissection in laparoscopic gastrectomy. Moreover, we could not detect the dorsal landmark during surgery in almost all unclear cases (75%, 3/4). When the dorsal landmark of No. 11p LN was unclear in 3D-CT, we could not likely detect the dorsal landmark during surgery due to the anatomy around the splenic artery. In such cases, discontinuation of No. 11p LN dissection with adequate exposure around the splenic artery is recommended to prevent injury to the vessels and/or pancreas.

Our data showed that the concordance rate of cases where the dorsal landmark was the SV + P or P type by preoperative 3D-CT findings was lower than that of those where the dorsal landmark was the SV type. It is well known that pancreas edges cannot be clearly detected on CT. We considered that this was one of the reasons for the low concordance rate of SV + P or P type. Thus, we should be careful not to injure the pancreas in the SV + P or P type by preoperative 3D-CT findings.

We also revealed that the time of No. 11p LN dissection using 3D-CT was shortened to half of that with conventional CT. Fast detection of the dorsal layer of No. 11p LN allows us to perform LN dissection in an easier manner during surgery. Therefore, we considered that preoperative 3D-CT simulation allows the prediction of the dorsal landmark of No. 11p LN and reduces the dissection time. Furthermore, vessel injury and pancreatic fistula did not develop in either group. These rates are lower than those previously reported for D2 LN dissection.^[@bibr5-2050312120936918]^ Our data suggest that preoperative 3D-CT simulation might allow us to detect the dorsal landmark of LNs smoothly and prevent organ injuries along the splenic artery. Overall, preoperative 3D-CT contributes to a shorter time of No. 11p LN dissection.

There were no significant differences between the total operative time of the 3D-CT and non-3D-CT groups. This may be because many factors, except No. 11p LN dissection, influenced the total operative time in this study. However, we considered that decreasing the dissection time could contribute to operation safety, and preoperative simulation using 3D-CT might be important for clinical practices.

The main limitations of this study are as follows: the sample size in a single institution is small, and the calculation and justification of the sample size have not been selected for this study. We considered that it was important to exclude the effect of learning curve to clarify the efficacy of preoperative 3D-CT simulation. Therefore, we compared cases in which procedures were performed in the short term by one surgeon certified by the Endoscopic Surgical Skill Qualification System in Japan. Thus, the sample size was small in this study. Moreover, two surgeons assessed each image and video recording. Thus, we consider the quality of diagnosis of the dorsal landmark to be high and that the results regarding dissection time of No. 11p LN are meaningful. Another limitation was that there were more patients who underwent LTG in the non-3D-CT group than in the 3D-CT group. However, the difference in the operative method between both groups was not significant, and the technique of No. 11p LN dissection was common to both LDG and LTG. Therefore, we considered that the difference in the operative method did not influence the surgical outcome of this study.

Therefore, prediction of the dorsal landmark of No. 11p LN using 3D-CT is a simple method with high accuracy that contributes to shortening the time of No. 11p LN dissection in laparoscopic gastrectomy.

Supplemental Material {#section12-2050312120936918}
=====================

###### Supplemental_Table_1 -- Supplemental material for Significance of prediction of the dorsal landmark using three-dimensional computed tomography during laparoscopic lymph node dissection along the proximal splenic artery in gastric cancer

###### 

Click here for additional data file.
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